Two experiments were conducted to identify the temporal limits of an ovarian compensatory response after unilateral ovariectomy (ULO) in gilts and" to examine ovarian and hormonal factors that might be related to this response. In the first study, all eight gilts that were unilaterally ovariectomized on d 12, 14 or 16 of an estrous cycle and two of four ULO on d 18 had a significant compensatory increase in ovulation rate per ovary compared with controls. Ovulatory compensation failed to occur, however, in two of four and four of four gilts ULO on d 18 or 19 of an estrous cycle, respectively. In the second study, blood samples were collected from 26 gilts beginning on d 14 of an estrous cycle, and animals were assigned to sham-surgery or ULO on d 17, 18 or 19. Ovarian compensation occurred after ULO on all 3 d of surgery in the second study, but most follicles failed to ovulate and formed large luteinized cysts. The ability to compensate was related positively to the number of medium-sized follicles on the intact ovary at the time of ULO, to an increase in concentrations of folliclestimulating hormone 12 to 18 h after ULO Received August 19, 1983. Accepted January 3, 1984 to the interval from ULO to the preovulatory surge of luteinizing hormone. In a third experiment, interruption of the ovulatory mechanism and development of cystic follicles similar to those observed in the second study were induced simply by physical manipulation of the d 19 preovulatory ovary while contralateral untouched ovaries ovulated normally.
Summary
Two experiments were conducted to identify the temporal limits of an ovarian compensatory response after unilateral ovariectomy (ULO) in gilts and" to examine ovarian and hormonal factors that might be related to this response. In the first study, all eight gilts that were unilaterally ovariectomized on d 12, 14 or 16 of an estrous cycle and two of four ULO on d 18 had a significant compensatory increase in ovulation rate per ovary compared with controls. Ovulatory compensation failed to occur, however, in two of four and four of four gilts ULO on d 18 or 19 of an estrous cycle, respectively. In the second study, blood samples were collected from 26 gilts beginning on d 14 of an estrous cycle, and animals were assigned to sham-surgery or ULO on d 17, 18 or 19. Ovarian compensation occurred after ULO on all 3 d of surgery in the second study, but most follicles failed to ovulate and formed large luteinized cysts. The ability to compensate was related positively to the number of medium-sized follicles on the intact ovary at the time of ULO, to an increase in concentrations of folliclestimulating hormone 12 to 18 h after ULO and aPublished as Paper No. 1784 
Introduction
Results from several studies indicate that recruitment of ovarian follicles can occur rapidly in the gilt (Short et al., 1968a; Brinkley and Young, 1969; Clark et al., 1975; Dailey et al., 1975; Dailey et al., 1976 ) except immediately before ovulation (Hunter et al., 1976; Clark et al., 1982) . Likewise, compensatory ovarian hypertrophy does not occur immediately after unilateral ovariectomy (ULO) performed late in an estrous cycle of hamsters (Greenwald, 1962b) , guinea pigs (Hermreck and Greenwald, 1964) and rats (Peppler and Greenwald, 1970) . Variability among gilts (Clark et al., 1982) and development of ovarian cysts (Brinkley et al., 1964; Short et al., 1968b; Clark et al., 1982) , however, has hampered identification of temporal and physiological factors associated with compensatory ovarian hypertrophy in gilts similar to those defined in rodents (Bex and Goldman, 1975; Butcher, 1977) and to some extent in sheep (Findlay and Cumming, 1977) .
Experiment 1 was designed to define a period of an estrous cycle of a gilt after which compensatory ovarian hypertrophy does not occur. Changes in ovarian and gonadotropic hormones after ULO around this period of the cycle were examined in Exp. 2, and Exp. 3 was conducted to examine factors associated with formation of ovarian cysts. Exp. 1. Thirty-six crossbred gilts were fed ad libitum and checked twice daily for estrus using a testosterone-treated barrow. At first detection of estrus (d 0), animals were assigned randomly (N ---2 to 4/group) to a 2 x 5 factorial arrangement of treatments consisting of sham-surgery or removal of a randomly selected ovary on d 12, 14, 16, 18 or 19 of an estrous cycle. Twelve hours before surgery, each gilt was moved to a separate pen within the same building and removed from feed and water. Reproductive tracts were exteriorized via midventral incisions performed under gas anesthesia (Clark et al., 1982) . At slaughter 3 to 5 d after postoperative estrus, numbers of corpora lutea (CL) and small (1 to 2 ram), medium (3 to 6 ram), or large (7 to 10 mm), normal or atretic follicles (Dailey et al., 1976) or follicular or luteinized follicular cysts (> 10 mm; Nalbandov, 1976) were recorded for the remaining ovaries. Hormonal Analyses. The radioimmunoassay procedures of Niswender et al. (1970) , Butcher et al. (1974) , Whitley et al. (1978) and Sheffel et al. (1982) were used to determine serum concentrations of LH, estradiol, FSH and progesterone, respectively. Sensitivities of assays for progesterone, LH, FSH and estradiol were .4 ng, .7 ng, 1.7 ng and 1.2 pg/ml, respectively. Recoveries for progesterone and estradiol were 92 and 63%, respectively, and values for estradiol were corrected for procedural loss. Intraassay and interassay coefficients of variation for each hormone were: progesterone, 10.6 and 6.3%; LH, 10.3 and 14.1%; FSH, 8.8 and 21.9% and estradiol, 18.4 and 22.0%, respectively. Because all samples from an animal were included in a single assay, the animal's response over time to a particular treatment was not influenced by interassay variability. To minimize influences of interassay variability of FSH and estradiol on absolute hormonal values, the mean concentration in five samples of serum collected before surgery was included as a covariate in the statistical analyses of FSH and estradiol.
Statistical Analyses. Numbers of ovarian structures and length of estrous cycles were analyzed by Statistical Analysis System procedure General Linear Models (SAS, 1979) ; numerical comparisons in the text represent mean + SE. Concentrations of hormones were compared by least-squares analysis of variance for a split-plot design as described by Freund and Littell (1981) with day of surgery, treatment and the day • treatment interaction in the main plot, using gilt within day-treatment as the error term. The subplot consisted of time and the time x day, time • treatment and time • day x treatment interactions, using gilt within time-day-treatment as the error term. A baseline value of LH was established for each gilt (Brinkley et al., 1973) Exp. 2. One day 18 ULO gilt had concentrations of FSH two to threefold greater than any other animal and was excluded .from further analyses. There was no effect of day of surgery on numbers of follicular and luteal structures or on hormonal profiles in either the control or ULO groups. Therefore, data for each treatment group were averaged over days (table 2) . Animals in both groups were found to have a similar number of follicles/ovary at surgery, and there was no difference between groups in number of total ovarian structures/ ovary recovered at slaughter. Based only on number of CL/ovary, ULO gilts failed to compensate, but numerous follicular cysts, luteinized follicular cysts and(or) large normalappearing follicles (/>7 ram) were found on ovaries of ULO and control gilts. When number of cysts and CL/ovary were combined, .ULO gilts had a greater number compared with controls (P<.001). Thus, ULO gilts appeared to have recruited follicles for ovarian compensation, "but many of these follicles, as well as several follicles in control gilts, failed to ovulate. Development of these large ovarian structures accompanied complete ovulatory failure in 7 of 17 and 4 of 18 ovaries in ULO and control gilts, respectively. Fewer small atretic follicles were present per ovary after ULO compared with controls (P<.05), while numbers of follicles in other classes.did not differ significantly. Length of estrous cycle was greater (P<.05) in ULO than in control animals.
The interval from ULO to surge of LH represents more accurately and realistically than does day of estrous cycle the time that follicles on the remaining ovary had available for compensatory responses. The interval from ULO to the preovulatory surge of LH was correlated positively with number of CL plus cysts (.58, P<.05) and negatively with number of small follicl.es (-.41, P<.05). Seventy-one percent of the total variability in number of CL plus cysts was explained by the regression equation Y = 6.3 -.097h + .0010h 2 + .46f, where Y = number of CL plus cysts, h and h 2 = the linear and quadratic effects, respectively, of the interval in hours from ULO to the preovulatory surge of LH and f = number of follicles at surgery > 5 mm in diameter on the ovary that remained intact (P<.001).
Profiles of concentrations of FSH and progesterone standardized to the time of surgery (0 h) are shown in figure 1. Concentrations of FSH increased 12 to 18 h after s/Jrgery in ULO gilts and remained above concentrations of controls through 36 h (P<.01) irrespective of day of surgery. Progesterone increased within 3 h after surgery, then declined in both ULO and control groups (P<.O J,). Although the ULO gilts had a higher mean concentration of progesterone than controls (1.2 + .1 vs .7 + .1 ng/ml, P<.01), the difference was attributed to two gilts that had a pronounced increase in progesterone probably in response to preoperative confinement. When data from these two gilts were removed from the analysis, profiles and mean concentrations of progesterone did not differ significantly between the two treatment groups.
A decline in concentration of estradiol occurred within 1.5 h after ULO, but mean concentrations and profiles of estradiol from 0 to 48 h after surgery did not differ between treatments or among days of treatment. Concentrations of LH differed due to the time x day x treatment interaction (P<.01). When values that comprised preovulatory surges of LH in four ULO and two control gilts that showed estrus within 24 h after surgery were removed from the data set, profiles and basal Vertical bars repTe~nt standard errors (.14 and .56 ng/ml for progesterone and FSH, respectively) of the mean. differences between sham-treated and unilaterally ovariectomized gilts at any given time.
concentrations of LH were similar between treatments and among days.
Exp. 3. In nonoperated control gilts, mean number of CL/ovary was 5.8 -+ .6, and only one luteinized follicular cyst occurred (table 3). In gilts that had undergone laparotomy, ovaries that were not handled had only CL (7.0 -+ .9). However, each ovary that was handled had large follicular and luteinized follicular cysts; two of the four ovaries also contained CL. Laparotomized gilts had lengths of estrous cycles similar to that of controls (22.8 + .9 vs 20.7 -+ .3 d).
Discussion
Follicles selected for ovulation in the gilt grow from 1 mm to ovulatory size during the last 6 d of an estrous cycle (Dailey et al., 1976) . Compensatory ovulation rates are observed routinely after ULO early in an estrous cycle (Brinkley et al., 1964; Short et al., 1968b) , and compensatory follicular development has been observed on the remaining ovary in as few as 6 d (Short et al., 1968a; Brinktey and Young, 1969) . Likewise, 6 to 7 d are necessary for smaller follicles to develop to preovulatory size and to ovulate (Dailey et al., 1976) after destruction of follicles />1 mm in diameter on the surface of the ovary on d 14 or 16 of an estrous cycle. Unilateral ovariectomy performed after d 16 did not elicit a compensatory increase in ovulation rate (Clark et al., 1982) , and treatment with exogenous gonadotropins after d 17 (Hunter et al., 1976) did not induce superovulation. The increase in ovulation rate due to increased feed intake also requires a minimum interval of 4 to 6 d before estrus (Dailey et al., 1975) . Thus, final selection and maturation of ovulatory follicles in the gilt is thought to occur sometime after d 14 of an estrous cycle. Variability among gilts in responses to ULO (Clark et al., 1982) , however, has precluded a precise determination of a critical period for compensatory ovarian hypertrophy during an estrous cycle as has been defined for the guinea pig (Hermreck and Greenwald, 1964) , hamster (Greenwald, 1962b) and rat (Peppler and Greenwald, 1970) .
In Exp. 1, removal of one ovary on or before d 16 of an estrous cycle consistently resulted in compensation in ovulation rate. The degree of ovarian hypertrophy in Exp. 2 was related positively to the interval from surgery to surge of LH and with the number of follicles ~5 mm in diameter on the remaining ovary. In addition, the six gilts in Exp. 1 that failed to compensate in ovulation rate had significantly more medium-sized follicles at slaughter, but the short interval from ULO to onset of estrus (1 d in five of six) apparently precluded final maturation and compensatory ovulation. Concentrations of FSH began to increase at 12 to 18 h after ULO similar to patterns of FSH observed in rats (Butcher, 1977) and sheep (Findlay and Cumming, 1977) . Because serum concentrations of LH did not change significantly before the preovulatory surge and concentrations of estradiol decreased after surgery in both treated and control gilts, the rise in FSH apparently initiated the compensatory response. It appears that in some gilts, these newly recruited follicles did not obtain ovulatory competency by the time that estradiol from these and the original follicles on the remaining ovary induced the Sasamoto and Otani (1982) in the rat. In Exp. 1, 7 of 36 gilts developed multiple cysts after the ovaries were manipulated late in an estrous cycle (on or after d 16). Likewise in Exp. 2, in which all ovaries were handled, ovaries in control and ULO gilts averaged 2.1 and 6.1 cysts, respectively. Clark et al. (1982) reported only 3.7 CL/ovary for gilts ULO on d 19 compared with 10.6 for those treated on d 17. Brinkley et al. (1964) reported 2.7 to 5.3 cysts for ULO gilts and .3 cysts/ovary for controls. Short et al. (1968b) reported that treatment with exogenous progesterone resulted in a high occurrence of cystic follicles in both control and ULO gilts. Analogously, ULO and control gilts in Exp. 2 had peaks of endogenous progesterone (2.1 and 1.2 ng/ml, respectively) 1.5 to 3.0 h after surgery and developed a large number of cysts. Recently, Hillbrand and Elsaesser (1983) reported an increase in concentrations of plasma progesterone (presumably of adrenal origin) immediately after induction of anesthesia.
Experiment 3 delineated a specific ovarian refractoriness to the ovulatory stimulus after handling one ovary on d 19. Control and laparotomized gilts had only one cyst among the 10 unhandled ovaries, while contralateral handled ovaries in four gilts averaged 4.2 cysts. Therefore, systemic effects cannot account alone for the development of cystic follicles. As reviewed by Gerendai and Halasz (1981) , several studies implicate a neuronal as well as hormonal control of the ovary. Thus, tactile stimulation of the gilt ovary during the follicular phase of an estrous cycle might interfere with normal ovulatory processes via neuronal mechanisms. Greenwald (1962a) found that late in the cycle, hamster ovaries contained twice as many large follicles as subsequent CL. Thus, he proposed that reduced atresia, not increased recruitment, was the mechanism for ovarian compensation in the hamster. Control gilts in Exp. 2 averaged only 2.4 more follicles at the time of surgery than subsequent number of CL plus cysts (8.4 vs 6.0, respectively). Unilaterally ovariectomized gilts had a similar number of follicles at surgery (8.6), however, the subsequent number of CL plus cysts (10.3) was increased by approximately two. Thus, a reduction in atresia alone apparently is inadequate to account for ovarian compensation in gilts.
